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FOREWORD 
This report  descr ibes  the r e sea rch  activity during the period 
December 1, 1967, through May 31, 1968, of the Environmental 
Health Division of the School of Public Health of the University of 
Minnesota in  the a r e a  of environmental microbiology a s  related to 
planetary quarantine. This i s  a compilation of semi-annual progress  
reports  in the several  a r e a s  of study. The reader  i s  therefore directed 
to ea r l i e r  reports  if the experimental protocol o r  preliminary experi- 
ments a r e  required but a r e  missing from this document. 
The "Environmental Microbiology a s  Related to Planetary 
Quarantine" project i s  directed by Professor  Richard G. Bond and i s  
par t  of the overall  University of Minnesota Space Science Center 
activities. 
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SPACE HARD WARE METHODOLOGY 
D. Vesley and G. Smith 
Department of Environmental Health 
INTRODUCTION 
A continuing se r i e s  of experiments has been ca r r i ed  out to 
help evaluate the NASA Standard Rocedures  for  Microbiological Exami- 
nation of Space Hardware. These procedures constitute a n  official NASA 
document with the purpose of standardizing mkcrobiological methodology 
among the various laboratories engaged in the Planetary Quarantine P r o -  
gram. The procedure s have been undergoing extensive revision and these 
experiments were conducted to a s s i s t  in optimizing procedures in t e r m s  
of maximum recovery of microbial  contaminants under a variety of con- 
ditions. 
METHODS AND RESULTS 
Experiment I 
A comparison was made of 125 m l  and 250 m l  flasks for recovery 
of Bacillus subtilis var.  ' spores  from stainless s tee l  s t r ips  via 
insonation. The reason for interest  in this comparison was that the 
smal le r  flasks would permit a greater  number of s t r ips  to be insonated 
a t  one time. However, there  was some concern over the thickness of the 
bottom of the 125 m l  flask and i t s  possible effect on insonation. 
The procedure was as follows: 
1. 100 s t r ips  were  contaminated with B. subtilis va 
-
spores  by pipetting 0.1 m l  f rom an  H20  suspension con- 
taining about 3 x l o3  spores /ml  and spreading with a glass  
rod. 
2. 50 s t r ips  were  randomly allocated to each flask size. 
3.  Standard 2. minute inso nation and standard plating procedures 
were followed. 
Results a r e  reported in Table 1. While total recovery was very  
s imi lar ,  it appears  that the 125 m l  flasks resulted in a lower percentage 
of spores  removed from insonation. It should be noted that these exper- 
iments  were ca r r i ed  out using multiple bath positions and thus do not 
take into account the possibility of "dead spots" i n  the sonicator. 
TABLE 1 
Comparison of 125 m l  vs. 250 m l  Flasks for Recovery of - B. subtilis 
var.  niger Spores f rom Stainless Steel Strips 
Experiment I1 
Comparison was made of 2 minute and 12 minute sonication 
t imes  for  recovery of B. subtilis var. ' 
-
spores  from swabs. The 
reason for this experiment was that previous experiments had indi- 
cated that 2 minute insonation was equally a s  effective a s  12 minute 
insonation for  recovery of microorganisms from stainless s teel  s t r ips .  
As  the Standard Procedures  specify the same treatment for swabs, it 
was desirable to  compare the two times for swabs. As the procedures 
do not provide for direct  plating of the swab af ter  insonation, resul ts  
a r e  based only on recovery in  the eluate. 
The procedure was a s  follows: 
1. 100 four square inch a r e a s  on stainless s teel  t rays  were 
contaminated with B. slubtilis var. spores  a s  pre-  
-
viously described for contamination of s t r ips ,  except that 
0.2 m l  was spread  out over each a rea  rather  than 0.1 ml. 
2. Each s t r ip  was swabbed according b the Standard Proce-  
dures  and swabs were  allocated randomly, 50 to each in- 
sonation t ime, 
3,  Analyses were ca r r i ed  out according the the Standard Pro-  
cedures.  
Results a r e  summarized in Table 2. It appears that the 2 minute 
insonation i s  again .as equally effective a s  the 12 minute insonation, thus 
verifying that the 2 minute t ime can be specified for swabs a s  well a s  
s t r ips .  
TABLE 2 
Comparison of 2 Minute vs. 12 Minute Sonication Time for Recovery 
f o r  B. subtilis var. niger Spores from Swabs 
- 
12 minutes 
Experiment I11 
The effect of sonic bath position on recovery of - B. subtilis 
var. niger spores  f rom stainless steel s t r ip s  was evaluated. The 
reason for this experiment was that otIier investigators had demonstrated 
that the sonic baths used in  the Standard Procedures  may well contain 
"dead spots" which affect removal of contaminants f rom s t r ips  o r  piece 
parts .  Thus, the new procedures will require  verification of the r e -  
moval efficiency for any given sonicator. 
The procedure was a s  follows: 
1. 100 stainless s teel  s t r ips  were  contaminated with - B. 
subtilis var. niger spores  a s  previously described. 
2.  50 s t r ips  were  allocated randomly to be sonicated indi- 
vidually in  the center of the bath. The other 50 were  allo- 
cated in groups of 5 to be sonicated in groups, in 5 bath 
locations: (1) upper lef t ,  (2)  upper right, ( 3 )  center ,  
(4)  lower right, and (5)  lower left 
3.  Analyses were  ca r r i ed  out otherwise according to the 
Standard Procedures.  
Data a r e  summarized in Table 3 .  The indication i s  that, while 
total recovery i s  about the same,  the per  cent removal f rom the s t r ips  
was indeed higher in the single insonated center position that i t  was from 
the s t r ips  insonated in groups of five throughout the bath. Analysis of 
the individual positions from the multiple position runs demonstrates 
that the center position showed the highest removal percentage (94.3) 
while the upper and lower left positions showed the lowest (71 .8  and 
8 1.3) and might well qualify a s  dead spots in  this particular sonicator. 
F U T U R E  WORK 
The revised edition of the Standard Procedures  i s  now in press .  
No fur ther  experiments will be performed in the immediate future.  
TABLE 3 
Comparison of Ultrasonic Bath Positions for Removal of 
B. subtilis var ,  niger Spores from Stainless Steel Strips 
- 
A )  Effect of 5 Flasks Insonated a t  One Time vs. A Single Flask in  Center Position 
5 Flasks a t  
B) Position Analysis for 5 Strips a t  One Time 
Lower Left 
DIE-OFF O F  h4ICROBLAL CONTAMINATION 
D. Vesley and G. Smith 
Department of Environmental Health 
INTRODUCTION 
A se r i e s  of experiments has  been completed concerning the 
effects of various temperature and O2 pressure  combinations on the die- 
away of viable contaminants on stainless s teel  and epoxy s t r ips  over an 
extended time period. In addition, the effect of laminar  airflow has 
been evaluated a t  ambient temperature and (I2 levels. A separate  
experiment evaluated the effect of laminar airflow on survival of - B. 
subtilis var. spores  over a three week period. 
The purpose of these experiments was to provide information 
on viable count reduction to be expected over given time periods and 
under given storage conditions. 
METHODS AND RESULTS 
Experiment I 
At the t ime of the l a s t  report  (December 1967), a long t e r m  
experiment on survival of naturally deposited organisms under various 
temperature and O2 conditions was under way. The detailed method of 
procedure for  this experiment was presented on pages 8 and 9 of that 
report ,  This se r i e s  has  now been completed and analyzed by computer, 
using a variation of a l inear regression formula. Results were reported 
a s  est imates  of per  cent weekly count reduction ( per cent of those 
viable a t  s t a r t  of week) for the various storage conditions and for the 
various standard methods analyses. Table 1 summarizes  these die- 
away rates .  It should be noted that the use of natural contaminants, 
a s  expected, resul ted in  highly variable s t r ip  contamination and in some 
instances very meager  initial deposition, particularly of spore forming 
species. One resu l t  of this variability was that estimated count r e -  
ductions statis t ically were  frequently not grea ter  than zero  when con- 
sidering 95 per  cent confidence limits. Results indicate that weekly 
die-away was slightly grea ter  a t  room temperature than a t  ~ O C  and 
overal l  exposure to laminar  flow resulted in  a grea ter  reduction than 
the protected environment. Spore reduction was negligible in  a l l  storage 
conditions except laminar  flow, where a 4. 7 per  cent weekly reduction 
i s  indicated. The laminar  flow environment, a s  expected, had l e s s  
effect on the handled s t r ips ,  where both sides were  contaminated but 
only one side was exposed to the a i r  flow, than it did on fallout s t r ips  
where the contaminated side was directly exposed to airflow. 
In a n  attempt to evaluate the effect of laminar  airflow on handled 
s t r ips  contaminated on both sides,  a separate experiment was run in 
which handled s t r ips  were  placed vertically, paral le l  to t'he airflow, i n  
t r ays  in  the laminar  flow a i r s t r eam.  The resul ts  of this experiment 
a r e  summarized in Table 2, It i s  obvious that once again too few spores  
were deposited for survival analysis. The non heat shocked portions 
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demonstrated a sharp  decrease in colonies during the f i r s t  four weeks 
indicating the presence of a large number of organisms susceptible to 
the laminar  flow a i r  s t r eam and/or  temperature and humidity conditions. 
Experiment II 
Previous experiments indicating the "plateau" effect for micro-  
bial contaminants on stainless steel s t r ip s  and the indication that the 
laminar  flow environment may resul t  in  a decrease,  even of spore forming 
species,  prompted the undertaking of an  experiment specifically to  
evaluate the effect of laminar  airflow on - B. -subtilis var. ' spores  
on s tainless  s tee l  s t r ips .  
The procedure was a s  follows: 
1, 35 stainless s teel  s t r ips  were  contaminated in  the manner  
previously described, 
2. 5 s t r ips  were  randomly selected for analysis a t  zero time. 
The remaining 30 s t r ips  were placed, contaminated side 
up, a t  bench top level in  a laminar  downflow room. 
3 .  At intervals  of 1, 2, 4, 9 ,  14 and 21 days, five s t r ips  were 
randomly withdrawn for analysis and processed according 
to NASA Standard Procedures .  
A separate  experiment identical except that spores  were spread 
onto the s t r ip s  from a 95 per  cent ethanol suspension rather  than f rom 
distilled water has  a l so  been initiated. 
Results a r e  tabulated in Table 3 ,  During the three weeks of 
11 

exposure there appears  to be a steady downward progression of spore 
count indicating that there  i s  some effect of the laminar flow on spores.  
These data have not yet been subjected to computer analysis but will 
be in  the near  future. 
FUTURE WORK 
A new se r i e s  of experiments will be initiated in  the near  future 
to  evaluate survival of B. subtilis var.  ' 
-
spores  under various 
carefully controlled temperature and relative humidity conditions. 
EFFECTS O F  HEAT FIXING AND EQUILIBRATION ON RECOVERY O F  
B. SUBTILIS VAR. NIGER SPORES 
-
D. Vesley and G. Smith 
Department of Environmental Health 
INTRODUCTION 
A se r i e s  of experiments has been initiated to evaluate the effects 
of various combinations of heat fixing, drying and equilibration t ime on 
the recovery of B. subtilis var .  niger spores  using the NASA Standard 
- 
Procedures .  
The purpose of the experiments i s  to determine whether factors 
such a s  moisture ,  heat and equilibration t imes have a significant effect 
on subsequent recovery of spores ,  including both total numbers and r e -  
moval in the ultrasonic bath. This information should prove useful in  
interpretation of other experiments using - B. subtilis var.  niger spores ,  
particularly when inconsistent resul ts  a r e  obtained. 
METHODS AND RESULTS 
The procedure for  the f i r s t  four experiments was a s  follows: 
1. Strips were  contaminated by pipetting 0. 1 m l  of a distilled 
3 
water suspension containing about 4-5 x 10 spores /ml  onto 
each s t r ip .  The spores  were  the - B. subtilis var. niger s t ra in  
obtained from the C.. D. C. Phoenix Station, s tored in alcohol. 
2. In each experiment 25  s t r ips  were contaminated, then ran-  
domly allocated to the following treatments.  
a ,  5 s t r ips  were heat shocked while wet. 
b. 5 s t r ips  were  a i r  dried, then heat shocked. 
c. 5 s t r ip s  were a i r  dr ied but not heat shocked. 
0 d. 5 s t r ip s  were  equilibrated for 24 hours a t  22 C and 
40 per  cent RH, then heat shocked. 
0 
e. 5 s t r ips  were equilibrated for 24 hours a t  22 C and 
40 per  cent RH, but not heat shocked. 
In two experiments the heat shock was 80°C for 20 minutes, while 
0 in  the other two i t  was 80 C for 60 minutes, 
3.  Str ips  were analyzed according to the NASA Standard Procedures .  
Results a r e  summarized in  Tables 1 and 2. Table 1 summarizes  
the effect of each individual condition evaluated, while Table 2 summarizes  
simple effects. The only combination which resulted in  l e s s  than 95 
0 
per  cent spore removal was the one hour heat fix a t  80 C on wet s t r ips .  
In general the heat fixing, a i r  drying, and 24 hour equilibration appeared 
to have l i t t le effect on per cent removal of spores  in the ultrasonic bath. 
The summary of simple effects indicated very little important variation 
in per  cent removal. There i s  some indication of lower total recovery 
af ter  the one hour heat fix and a lso  after 24 hour equilibration. However, 
the experiment was not designed to make these comparisons directly. 
Thus, additional experiments will be car r ied  out to compare total recovery 
a t  the different t imes of heat fix, 
15 
TABLE 1 
The Effect of Air  Drying, Heat Fixing and 24 Hour Equilibration on Recovery of B. subtilis var .  
-
niger Spores$ from Stainless Steel Strips 
80°c - 20 minutes 
Air  Dried 80°c - 1 hour 
24  Hour Equilibration 
(22Oc - 40% RH) No Heat Fix 
4 Hour Equilibration 
5 : Spores were  s tored in ethanol; dilutions of 4-5 x 10 / m l  were  made in distilled water ;  and 0. 1 rnl 
pipetted onto s t r ip  and spread with glass  rod. 

F U T U R E  W O R K  
Additional experiments will compare a 95 per cent ethanol sus- 
pension with the distilled water suspension and will compare specifically 
total recovery at  different times of heat fixing. 
METHODOLOGY O F  MEASURING INTERNAL CONTAMINATION 
O F  SPACECWAFT HARDWARE 
V. W. Greene and Bailus Walker 
Department of Environmental Health 
INTRODUCTION 
In previous work in  tk*'is laboratory, model systems of epoxy, 
paraplast ,  Rigidax, and Lucite were inoculated with graded concentra- 
tions of Bacillus subtilis var.  spores  and were used to evaluate 
recovery and culturing methods for interior contamination of spacecraft  
hardware.  The resul ts  of these studies, summarized a s  a final repor t  
submitted in June 1967 (Greene, Walker and Anderson, "Methodology 
of Measuring Internal Contamination in Spacecraft Hardware, " Final 
Report of Project  I, Phase 2 ,  NGR 24-005-663), showed that accurate  
and reproducible a s  says were  pos sible, using the artifical  sys  terns men- 
tioned. However, it was a l so  shown that the recovery efficiency of viable 
organisms in  any given case  was a function of the solid being studied, 
i t s  amenability to pulverization and/or  dissolution, and the concentration 
of contaminants present. 
During the past six months we have extended our studies to include 
a s say  of inter ior  contamination of actual spacecraft  hardware. F o r  this 
purpose we used several  Ranger electronic modules supplied by the Plan- 
e ta ry  Quarantine Office. 
It should be pointed out that no standard methods exist for the 
a s say  of the inter iors  of such hardware. Whereas NASA prescr ibes  that 
i 9 
piece par t  in te r iors  should be assayed by f i r s t  pulverizing in a Pica 
Blender and then culturing the resultant fine powder, there i s  no p re -  
scr ibed method for assaying the inter ior  of anything l a rge r  than piece 
parts ,  o r  for that mat te r ,  for assaying the interior of mater ials  which 
cannot be pulverized o r  dissolved. 
Consequently, this study was pursued in two phases: 
A. Methodology of a s say  for interior contamination of com- 
plex electronic modules. 
B. Actual a s say  of Ranger modules to ascer ta in  their  interior 
bioload. 
METHODS 
The Ranger Modules posed a ser ious challenge to interior assay.  
In the f i r s t  place, the modules were large,  averaging 16 x 16 x 10 c m  and 
weighing severa l  kilograms. Secondly, the modules were complex; they 
consisted of solid metal  f r ames  to which were attached bolts, screws,  nuts 
and the variety of electronic hardware (capacitors,  res i s tors ,  wiring, etc. ) 
character is t ic  of the given module's function. Finally, much of the a s sem-  
bly was coated with insulation mater ial ,  cementing and adhesives, potting 
compounds and other encapsulants. Thus, the inter ior  contamination 
that was of in te res t  would be distributed in a complex, three dimensional 
s t ructure and would be present in a t  least  three physical states: Ca) embedded 
within component piece par t s ,  (b) trapped between tightly mated surfaces,  
o r  (c) embedded within the encapsulants and coatings that had been 
added af te r  assembly. 
A method was developed for disarticulation of the module into 
i t s  component sub- s t ructures ,  using a laminar  flow hood, aseptic tech- 
niques, and a chilled (liquid nitrogen) module and tools (pl iers  and chisels).  
However, a f t e r  disas sembling into the ultimate components, i t  was found 
that only 70 per  :cent of these s t ructures  could be pulverized in a Pica 
Blendef and l e s s  than 2 per  cent of the disarticulated mater ia l  was 
soluble in  non-germidical solvents (benzene, e ther ,  acetone). Thus, 
our approach to inter ior  a s say  evolved into a disarticulation - elution - 
pulverization sequence in which newly exposed surfaces were continually 
monitored for  viable contamination, Those mater ia l s  which could not 
be pulverized were  assayed by a "pressure  elution" technique described 
below. 
The basic methodology protocol i s  presented a s  Figure 1. 
Essentially,  this approach would theoretically account for organisms 
embedded within pulverizable piece par t s  and encapsulants, a s  well a s  
organisins occluded between mated surfaces.  These counts, added to 
the original count of surface contamination, should provide a fair  insight 
into total  bioload of a complex module. 
It should be noted,, however, that this disarticulation - elution - 
pulverization process  i s  both laborious and time-consuming. Fur thermore ,  
although the work i s  ca r r i ed  out in  a laminar flow hood with s ter i le  instru-  
ments ,  aseptic technique, and our be s t  intentions, the contamination 
"noise" level might be quite significant compared to the actual concentration 
2 1 
FIGURE 1 
Flow Diagram of Disarticulation- Elution- Pulverization Method 
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Piece P a r t  Powder I 
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Surface IV Surface IVA 
of inter ior  contaminants, As of this writing, we do not know how much 
contamination is contributed by the technique, the operator o r  the 
environment. This i s  one of the f i r s t  i tems of intended study during the 
next few months, 
The "pressure elution" method, mentioned above, that was used 
to measure  contamination on newly exposed, disarticulated surfaces 
employed a special  r inse  chamber,  i l lustrated in Figure 2. 
In this steril izable container, s te r i le  buffer solution containing 
Tween 2 0  was sprayed a t  the module surface a t  the rate  of 220 m l / m i n  
(60 psi). Five hundred m l  of buffer were  used per washing, and aliquots 
of the r inse were  plated by membrane filtration on TSA. Pre l iminary  
work with artif icially contaminated modules demonstrated that five 500 
m l  washings were  sufficient to remove 95 per cent of the surface conta- 
mination (Table 1). Consequently, our standard procedure was fixed 
a t  that number. 
TABLE 1 
Recovery of B. subtilis var.  Spores from Artificially 
Contaminated  anger Module by Sequential P r e s s u r e  Elution 
Elution Viable Count P e r  10 m l  Cumulative Cumulative 
Sequence of Eluate 
1 519 519 32 
FIGURE: 2 
P r e s s u r e  -Elution Chamber 
Legend 
1. Bacteriolotical Fi l ter  (microporous porcelain X F F )  
2, P r e s s u r e  spray  system 
3. Electronic module 
4. Adjustable supports 
5. Outlet 
RESULTS 
At this writ ing, three Ranger modules have been completely 
disassembled and assayed by the disarticulation - elution - pulverization 
approach described in Figure 1. Two of these t r ia l s  employed artifically 
contaminated modules to verify the feasibility of our recovery and cul- 
tura l  methods. Only one se t  of resul ts ,  therefore,  i s  available on a 
module representative of the hardware in i t s  "native" state.  Even in 
this case ,  the data must  be qualified by the very r ea l  possibility of con- 
tamination contributed by the technique. However, the preliminary 
resu l t s  suggest that the method might have some limited use.  
The date from the inter ior  assay  a r e  summarized below: 
Surface Count:: 
I1 72 
I11 B 2 2  
IV 3 3  
Interior 7 :: :: 
: per  500 m l  
:%: per  gram of mater ia l  
DETECTION O F  LOW LEVELS O F  MICROBLAL CONTAMINATION 
ON SURFACES 
A. B Y  CHEMICAL APPROACHES 
Velta Goppers and H. J. Paulus 
Department of Environmental Health 
INTRODUCTION 
Current  detection methods in microbiology rely alrmost entirely 
on growth techniques and enzyme activity assays .  The fo rmer  methods 
need living cel ls  and a relatively long incubation period. Use of en- 
zymes requires  ei ther  a large number of cel ls  o r  a sufficiently long 
incubation period to permit  the synthesis of the minimum detectable 
levels of enzymes. In both methods the microbial  cells must  be t rans-  
f e r r e d  onto biological plates for growth. This action crea tes  a special 
problem of contamination f rom equipment used in the t ransferr ing pro- 
cedure. An additional problem i s  the length of t ime necessary for 
analysis.  A chemical approach to this evaluation was initiated in an 
effort to overcome these difficulties a s  well a s  to develop a method 
capable of qualitative determination of a minimum number of micro-  
organisms.  
METHODS AND RESULTS 
Pre l iminary  studies were conducted by using infrared spectro- 
scopy. Infrared absorption scans were prepared directly from micro-  
organisms with the utilization of special micro  attachments and analyzed 
? A  
M" 
fo r  specific absorption frequencies which indicate the presence of 
adenosinediphosphate. Experiments were conducted with standard com- 
pounds and with E. coli bacteria.  It was established that the smallest  
-- 
number of cel ls  possible to detect was about 3000. Below this quantity 
the unit did not produce reliable scans.  
In the past  s ix  months a chemical method has  been developed 
which i s  able to detect a s  few a s  50 microbial  cel ls  on a solid surface 
in 45 minutes. A smaller  number of cells may be detected with the aid 
of cer tain instrumentation, There i s  a definite possibility that the method 
can detect the presence of a s  few a s  5 microorganisms.  
The chemical method i s  based on the measurement  of reflected 
light f rom adenosinediphosphate exited with ultraviolet light. Adenosine- 
triphosphate i s  a labile, energy rich compound with two pyrophosphate 
bonds, In the extraction-elution procedure using thin layer  chromato- 
graphy, adenosinetriphosphate from the microbial  cells loses  one pyre- 
phosphate bond with the formation of the more  s table adenosinediphosphate . 
In order  to tes t  large surfaces,  testing s t r ips  a r e  used. Upon 
removal f rom the large surface they a r e  made into chromatographic 
plates by applying a cellulose layer.  Thin layer  chromatography i s  then 
performed by using an  organic solvent system. The microbial cel ls  
present  a r e  subjected to an extraction -elution action and the extracted 
mater ia l s  a r e  collected together in one line o r  spotm according to the s ize 
of the testing a rea .  Separation of the compounds i s  then accomplished 
2 7  
with thin layer  chromatography using an especially prepared chromato- 
plate. The solvent system i s  removed and the chromatoplate with the 
separated compounds i s  exposed to ultraviolet light a t  2500 A. Evalua- 
tion of the reflected light i s  made visually with the aid of a magnifying 
glass.  The quantum yield of the reflected light was increased by adding 
a flourescent probe to the solvent system. 
In the development of the method, experiments were  conducted 
on adenosine compounds, E. coli and mater ia l  collected from a i r  on 
-- 
exposed chromatoplates using different t ime intervals.  
The smallest  quantity of adenosinediphosphate detectable with 
the above method i s  micrograms.  Experiments with -- E. coli 
showed that approximately 50 cells produce an equivalent arc ount of this 
compound which is in good agreement with the theoretical calculation. 
The work was performed without clean a i r  facilities and for  
that reason special  steps were taken in the chromatographic procedure 
in o rde r  to l imit  contamination from the surrounding atmosphere.  
FUTURE WORK 
Increased sensitivity of this method i s  totally dependent on the 
acquisition of a micros  cope-photometer which will permit  accurate  
quantitative determinations of the light reflected from adenosinediphos- 
phate. With this equipment improvement can be made over the visual 
readings and detection of only a few cells i s  certainly possible. 
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In the next segment of the study i t  i s  planned to utilize clean a i r  
techniques to reduce the contamination from the atmosphere.  Explor- 
ation of methods to differentiate between live and dead microorganisms 
will be s ta r ted  a s  soon a s  refinements in  the above method have been 
worked out. 
DETECTION O F  LOW LEVELS O F  MICROBIAL CONTAMINATION 
ON SURFACES 
- -- -- - - - 
B. BY BACTERIOLOGICAL TECHNIQUES 
V. W. Greene and T. J. Quan 
Department of Environmental Health 
INTRODUCTION 
Current  standard methods of microbiological a s  say require in- 
cubation periods of forty-eight o r  m o r e  hours to produce their  resul ts .  
While these resul ts  a r e  generally satisfactory, it would be highly de- 
s i rable  i f  a s  say methods could be developed to produce reliable resul ts  
i n  a much shorter  period, e. g. within six hours. Such rapid methods 
would be of grea t  value i f  they could also provide an estimation of the 
level of microbial  contamination when such contamination was detected. 
To this end, severa l  a s say  techniques have been appraised with reference 
to the efficacy of their  use in  rapid, sensitive detection. 
METHODS AND h4ATERLALS 
The procedures under evaluation include: 
A, turbidometric determinations using the Klett-Summer son 
photoelectric calorimeter; 
B. Eh change a s  m e a s u r e d b y  r e s a z u r i n o r  methylene blue 
reduction; 
C. potentiometric determination of pH changes using the 
Beckman Expanded Scale pH mete r ;  
D. P~~ uptake f rom media,  followed by membrane filtration 
and radio-assay; and 
E ,  a preliminary study of the use of gas chromatography a s  
a rapid, sensitive detector of bacterial  metabolites i n  
trypticase soy broth (TSB). 
Graded concentrations of Bacillus subtilis var .  niger cultures 
incubated for  varying periods pr ior  to a s say  were  used in these studies. 
Turbidometric measurements  were  made on 50 m l  TSB cultures 
contained in special  300 m l  Bellco nephelo-culture flasks. Incubation 
was a t  3 2 O ~  on a ro tary  shaker and measurements  were  taken hourly. 
0 
A second se r i e s  of 10 m l  TSB cultures were incubated in  a 37 C water 
bath and visual determinations of turbidity were  made hourly. 
The APHA standard method for milk analysis (Standard Methods 
for the Examination of Dairy Products,  APHA, 11th Ed.,  1960) using 
r e  sazurin and methylene blue reduction procedures was followed using 
10 m l  boiled mi lk  o r  TSB cultures of both Bacillus subtilis var .  niger 
and Serrat ia  marcescens.  Hourly observations for  color changes were 
made. 
Determinations for  pH were made on TSB cultures of graded 
concentrations of B. subtilis var. ' 
-
incubated in  a 3 7 O ~  water bath 
for periods up to eight hours ,  
The method of studying P~~ incorporation by - B. subtilis var .  
essentially was that of Macleod e t  al. (Applied Micro. 14: 979, 1966. ) 
The method of Henis e t  a l ,  (Applied Microbiology 14: 5 13, 1966) 
was followed in preliminary experiments utilizing the gas chromato- 
graphy approach. 
RESULTS 
The resul ts  of turbidometric analyses, a t  leas t  with the equip- 
ment  current ly available in this laboratory, indicate that this method 
i s  neither a rapid nor a sensitive one i n  detecting B. subtilis var.  niger 
-
4 
spores  present  i n  concentrations of l e s s  than 10 /ml.  The TSB cultures 
were visually turbid a t  about the same t ime ,as  an  unequivocal increase  was 
detectable using the Klett-Summer son colorimeter.  Incubation a t  37OC 
significantly reduced the t ime necessary  for visual turbidity to develop, 
4 but an initial concentration of 10 s p o r e s / m l  sti l l  required an average 
of five hours. The resu l t s  of those tests  a r e  summarized in Table 1. 
TABLE 1 
Average Number of Hours Necessary for Unequivocal Increase in 
Turbidity of TSB Cultures of B. subtilis var.  niger a t  
3z0?and 3 7 O ~  
- 
Initial Concentration Hrs .  a t  320c1 Hrs.  a t  3 7 0 ~ ~  
2 Total volume 10 ml ,  incubated in water bath without shaking 
No significant, consistent change in pH a s  detectable with the 
Beckman Expanded Scale pH mete r  was faund after eight hours incu- 
0 
bation a t  37  C i n  TSB of concentrations of B. subtilis var.  niger up to 
-
4 
10 spores /ml .  Minor differences in  pH were noted but were  probably 
due to individual variations among the tubes of media induced by auto- 
claving. 
Eh Tes ts  Using Dye Reduction Methods 
The average t ime required by graded concentrations of - B. 
subtilis var ,  and Serrat ia  marcescens in boiled milk o r  TSB 
-- 
cultures to reduce resazurin and methylene blue i s  presented in Table 
2. I t  can be seen that neither resazur in  nor methylene blue reduction 
occurred within the s ix hour l imit  by concentrations of - B. subtilis var.  
4 of 10 s p o r e s / m l o r l e s s .  
Thus, these three techniques must  be discounted a s  sensitive 
detection methods for  the organisms tested and under the stated con- 
ditions. 
The remaining two techniques under evaluation both hold pro- 
mise  for  rapid, sensitive low level microbial  detection assays.  
Some difficulties have been experienced in the p3' incorporation 
method, but i t  i s  expected that w o r k  in progress  may alleviate some of 
these ba r r i e r s .  We need more  extensive studies before valid conclu- 
sions can be drawn. E t  has been found, for example, that sufficient 
p3' i s  retained by the membrane fi l ter to mask the amount of isotope 
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TABLE 2 
Average Number of Hours  of Incubation a t  35 - 3 7 O ~  Required by B. 
-
subt i l i s  va r .  n iger  o r  S. m a r c e s c e n s  to Reduce Tes t  Indicator 
- 
Re sazur in  Methylene Blue 
Init ial  Media Used 
Organ i sm Concentrat ion Boiled Milk TSB Boiled Milk TSB 
B, subt i l i s  
- l o O / m l  
var .  n iger  1 
10 / m l  
S. m a r c e s c e n s  
- 1o0/m1 7 5 .5  2 6  7 6  
1 10 / m l  7 5 .5  7 6  7 6 
2 
10 / m l  7 5.0 > 6  7 6 
3 
10 / m l  7 5.0 7-6 r 6 
4 
10 / m l  5 4.6 ,6 5 .0  
that is incorporated by o r  adherent to the cells.  Attempts to reduce 
this retention by prewetting or  rinsing the membrane fi l ter with c a r r i e r  
phosphorus and with various other solutions have not been successful. 
To date only prel iminary t r ia l s  have been undertaken using the 
gas chromatography method of analyzing culture media for volatile pro- 
ducts of bacter ial  metabolism. 
The resu l t s  of these t r ia l s ,  while indicating the need for much 
improvement in technique, a lso indicate that this technique may be the 
one of choice f o r  the ear l ies t  detection of very smal l  numbers of 
bacteria.  Henis et  al. (Applied Microbiology 14:531, 1966) have shown 
that not only can organisms be rapidly detected, but that there may be 
individual patterns for "fingerprints" for each species of microbe. 
STUDIES O F  ATTRIBUTES O F  MATED SURFACES 
THAT AFFECT THE HEAT DESTRUCTION O F  
MICROORGANISMS LOCATED IN THESE AREAS 
David Drummond and I. J. Pflug 
Department of Environmental Health 
INTRODUCTION 
The project will attempt to relate the thermal  destruction of 
spores  between mated surfaces to cer tain parameters  of the surfaces.  
The initial phase of the project will relate D and z-values of B. subtilis 
-
var.  niger spores  to diffusion distance; a mated surface will be used 
which i s  sealed except along one edge, and thermal  death will be related 
to the distance of the spores  from the open edge and the height and width 
of the opening. The conditioning environment of the spores  will be fixed 
a t  40 per cent RH and 7 4 O ~ .  
The study has  been designed to complement work a t  the National 
Center for Urban and Industrial Health in Cincinnati and a t  the J e t  
Propulsion Laboratory i n  Pasadena. The J e t  Propulsion Laboratory i s  
investigating the effects of a range of pressures  and mater ia l s  on D- 
values in  mated surface a reas .  
The Cincinnati group gathered some of the f i r s t  data on D-values 
for microorganisnls in mated surface a r e a s ;  according to the April 
1968 report ,  l a rge r  D-values were obtained when the mated surfaces 
were sealed with epoxy. 
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I t  appears  that for mated surfaces,  a s  for other conditions, the 
dry heat  resis tance of B. subtilis var. . 
- spores  var ies  with the 
physical system. In open systems the D 1 2 5 0 C - ~ a 1 ~ e  i s  in  the range of 
10 to 20 minutes. When the spores  a r e  in a closed system, either 
embedded in  a continuous, non-porous solid o r  sealed in a small  volume, 
the DlZ5oC-value i s  in the 200 minute range. 
If the mater ia l  and/or  p res su re  of a mated surface i s  sufficient 
to sea l  the spores  a s  i f  in a closed volume, then the spores  will show 
large D-values. On the other hand, i f  the mated surface i s  relatively 
open, the D-values of organisms on the surface will be smaller .  
The present  project will determine the effect of dimensions r e -  
lated to the mated surface on D and z-values. When data regarding 
dimensions, mater ia l ,  and p res su res  a r e  a l l  available, we should be 
able to design mated surface a r e a s  in which microorganisms will exhibit 
low D-values when subjected to dry  heat. 
METHODS AND RESULTS 
To investigate the relationship, a heat block unit has  been con- 
s t ructed a s  shown in  Figure 1; i t  consists of two 10" x 10" x 2" aluminum 
blocks held together with springs and each heated.by two 150 watt c a r -  
tridge heaters .  The blocks a r e  independently temperature controlled 
to an  accuracy of t l O ~ .  Two sheets of standard stainless steel stock 
- 
(. 015 thickness) sealed in  aluminum foil will be the mated surfaces under 
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FIGURE 1 
FIGURE 2 
tes t ,  Figure 2 shows the packaged and unpackaged mated surfaces 
along with a separator  which i s  optional; the marks  on the exposed su r -  
face represent  the locations of the spore deposits. The aluminum foil 
package prevents contamination and stabilizes conditions pr ior  to t rea t -  
ment. 
For  t reatment  the package will be clamped between the heated 
blocks and one end will be cut off flush with the blocks; a t  the end of 
the t reatment  the samples will be processed immediately. A bench 
punch will be used to separate  the samples from the tes t  surface.  
All steps of the operation will be ca r r i ed  out in a bacteriologically 
clean environment. Thermal  treatment will be car r ied  out in a d r y  
box a t  approximately zero  per  cent RH in s t i l l  a i r .  
A computer handling system has been developed to a s s i s t  the 
project. Data i s  recorded on a se t  of forms;  the raw data along with 
comments i s  t ransfer red  from the forms to punch cards;  a l l  further 
data processing i s  performed by the computer. 
A general flow char t  of the data handling system i s  shown in 
Figure 3. Detailed flow charts  and a listing of the programs in CDC 
For t r an  have been prepared. The functions of the basic program and 
subroutines a r e  l isted in Figure 4; detailed statist ical  procedures will 
be chosen a t  a la te r  date and inserted into the system. 
A preliminary test  has been s tar ted to verify the temperature 
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FIGURE 4 
Heat Block Data System 
Read se t  of raw data. 
Check i t  for e r r o r s .  
Pr in t  a table of the raw data. 
Calculate reduced data values (estimated starting and ending 
numbers of spores ;  means; variances,  95% confidence inter-  
vals of the est imates) .  
Pr int  a table of the reduced data. 
Put the reduced data on a tape for further processing. 
Per form further  analysis on taped data. 
uniformity of the heating blocks. In the initial tes t ,  the blocks a r e  
insulated from each other by 1/2 inch of t ransi te  and a gr id of 12 thermo- 
couples i s  assembled against each block. When the calibration, uni- 
formity and fluctuation l imits of the controllers have been measured,  a 
package s imilar  to the spore t e s t  package will be instrumented with 
thermocouples and the come-up time and uniformity of the actual tes t  
system will be measured.  
FUTURE WORK 
Before collection of data begins, the packaging and recovery 
methods will be tested and adjusted to optimize recovery ra te  and pre-  
cision. The heat block system will be checked to verify the absence 
of heat warpage. The accuracy of the system will be verified periodically. 
Future phases of the study will measure  the effect of varying the 
conditioning t reatment  of - B. subtilis var.  niger spores  and of varying 
the t e s t  species;  physical variables to be investigated may include t rea t -  
ment  atmosphere,  surface finish, and various gasket mater ials .  
An engineering analysis of the system will be ca r r i ed  out to 
attempt to  relate  the destruction of the organisms to the diffusion prop- 
e r t i e s  of the system. 
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